ABSTRACT: The objective of the study was to investigate efficiency of anther culture in the production of spontaneous double haploids from randomly selected heterozygous genotypes of wheat (Triticum aestivum L.). Anthers of 20 F 1 wheat combinations were grown in vitro on a modified Potato-2 medium.
INTRODUCTION
Double haploid techniques provide plant breeders with pure lines in a single generation, which may save considerable time in the breeding of new cultivars. There are two major techniques for haploid production in cerealsanther/microspore culture and chromosome elimination using wide hybridizations. The former technique is usually considered as simpler, more efficient, and more cost-effective than the latter (L j e v n a i ã, 2007).
The most important advantage of the anther culture method is occurrence of spontaneous chromosome doubling which results in production of homozygous DHs. Those spontaneous DHs are fertile and cytologically stable, except for a small percentage of them, which exhibit chromosomal abnormalities (A h m e d et al., 1999) . However, the frequency of spontaneous DH plants depends of several factors and it is usually low (A r m s t r o n g et al., 1987; A h m e d et al., 1999) .
Wheat in particular is known as a recalcitrant species with regard to in vitro androgenesis techniques such as anther and microspore culture. Use of anther culture in wheat breeding programs is limited by strong genotype specificity, low frequency of haploids, and a high rate of albinism in regenerants (K i s a n a et al., 1993; S a d a s i v a i a h et al., 1999). Despite these problems, the anther culture technique has been successfully applied in some wheat breeding programs, resulting in new cultivars (P a u k et al., 1995; K e r t e s z et al., 2001; S a d a s i v a i a h et al., 2004) .
It is known that anther culture response is highly genotype-specific (O rl o v et al., 1993; M o i e n i and S a r a f i, 1995; K o n d i ã and Š e s e k, 1999) and typically, it would produce many individuals from only a few selected crosses. One suggestion has been to use the anther culture technique only for breeding combinations in which at least one parent line is highly responsive (Z h o u and K o n z a k, 1992; T u v e s s o n et al., 2000). The goal of this study was to investigate if it is possible to produce a large number of DHs from randomly selected wheat breeding combinations using the anther culture method.
MATERIAL AND METHODS
In this study, 20 randomly selected F 1 wheat combinations were used for anthers isolation. The breeding material was produced at the experimental fields of the Small Grains Department of the Institute of Field and Vegetable Crops in Novi Sad.
Donor plants were grown under field conditions. Five spikes were taken from each combination at the mid-or late uninuclear stage of microsporogenesis. After a temperature pre-treatment, sterilization of the material was carried out as described in Š e s e k and D e n å i ã (1996) and anthers were isolated under aseptic conditions. The Potato-2 inductive nutrient medium (C h u a n g et al., 1978) was used for callus induction. During their culturing on the inductive medium, anthers were kept in the dark and at 28-30°C. Plant regeneration from formed embryogenic calluses was performed on the modified 190-2 medium (Z h u a n g and J i a , 1980). This medium contained 190-2 mineral salt solution as well as some other components, namely (in gl -1 ) agar (5), sucrose (30), and (in mgl -1 ) glycine (2), thiamine-HCl (1), pyridoxine-HCl (0.5), nicotinic acid (0.5), myo-inositol (100), NAA (0.5) and kinetin (0.5). When green shoots reached 5-10 mm after approximately three weeks, calluses with green shoots were transferred to the rooting medium. A semi-solid agar medium was used for the development of the root system. It also contained the 190-2 mineral solution. The only difference between this medium and the one used for plant regeneration was that in this one the concentration of NAA and kinetin was reduced from 0.5 to 0.1 mgl -1 . During the plant regeneration and root development period, the temperature in the growing chamber was maintained at 25-27°C. The intensity of white fluorescent illumination was 2500-3000 lx, with a photoperiod of 14 hours of light.
Plants that had a well-developed root system were transplanted into containers with the sterilized substrate. Prior to transplanting, five to six root tips were taken from each plant and checked for chromosome number by the standard acetocarmine squash method. After acclimatization and vernalization periods, further plant growth and development until full maturity took place under field conditions. The plants of the H 1 generation were harvested in early July.
During the study, the following traits were analyzed: -callus yield (CY -no. of calluses per 100 anthers) -green plants yield (GP - The average callus yield in the experiment on the whole was 47.2%, which is close to the results obtained by B a r n a b a s et al. (1991) and M a r c i n i a k et al. (2003) -41% and 45%, respectively. E k i z and K o n z a k (1994) as well as B r u i n s and S n i j d e r s (1995) reported significantly higher average values (70.9 and 77.8%, respectively), but they did not use randomly selected genotypes in their studies.
Regeneration ability was found to exist in all of the genotypes. A total of 582 green plants originating from 6000 isolated F 1 microspores were produced during the study. The number of green plants produced per spike varied from 0.8 ( (2000) , the ability to respond in anther culture is present in more modern cultivars compared with older material. The year of testing and the land of origin seem not to be important factors in determining the degree of response. Therefore, the results are of general value to wheat breeders. They also suggest that expensive tissue culture programmes should be concentrated on responsive breeding combinations, while unresponsive material should be improved via crossing.
CONCLUSION
Since the average production in this study was 5.8 green plants per spike and 2.8 spontaneous DH plants per spike, the efficiency of anther culture in DH production could be improved by inducing chromosome doubling using colchicine treatment. It will improve this technique enough for its effective use as an additional method in wheat breeding programs.
